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$\frac{\partial u}{\partial t}+u\frac{\partial u}{\partial x}+v\frac{\partial u}{\partial y}$. $-fv=-g \frac{\partial\eta}{\partial x}-\underline{\alpha(u-\overline{u})}-\underline{\beta(u-\overline{u})}$, (1)
forcing absorber
$\frac{\partial v}{\partial t}+u\frac{\partial v}{\partial x}+v\frac{\partial v}{\partial y}+fu=-g\frac{\partial\eta}{\partial y}-\underline{\alpha(v-0)}-\underline{\beta(v-0)}$ , (2)
forcing absorber
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$\frac{\partial\eta}{\partial t}+u\frac{\partial\eta}{\partial x}+v\frac{\partial\eta}{\partial y}+(H_{0}+\eta)(\frac{\partial u}{\partial x}+\frac{\partial v}{\partial y})=-\beta(\eta\overline{\eta}))\infty$ (3)
absorber
, $u$ $v$ (x) (y) , $\eta$ $H0$
. $\overline{u}$ \eta - \acute 9
. $\alpha$ $\beta$ , , $y$
. , $\cdot$ .
, Hartmann (1983) .
$\overline{u}(y)=$ $U_{0} \mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}\{\frac{2(y-y\mathrm{o})}{B}\}$ , (4)
, $U_{0},$ $y0,$ $B$ , , .
.
$\overline{\eta}(y)=-\frac{fBU_{0}}{g}\arctan\{\exp(\frac{2(y-y\mathrm{o})}{B})\}$ . (5)
, $B$ $U_{0}$ . ,
Ro( ) Fr( ) .
$Ro \equiv\frac{U_{0}}{fB}$ $Fr \equiv\frac{U_{0}}{\sqrt{gH_{0}}}$ . (6)
, $f=1$ $B=\pi/10$ , $Ro=1\mathrm{O}\mathrm{O}$ $Fr=0.3$ , .
, $Ro$ $U_{0}=10\pi$ , $Fr$ $Ro$ $1/\sqrt{gH_{0}}=10\pi/0.3$ .
$\alpha=8$ .
2 , $x$ $2\pi,$ $y$ $128\pi$ . 1
$Ro=1\mathrm{O}\mathrm{O},$ $Fr=0.3$ , $\overline{u}(y)$ ,
$\overline{\eta}(y)$ , $\mathrm{d}\overline{q}(y)/\mathrm{d}y(q=(\zeta+f)/h$; , $(=\partial v/\partial x-\partial u/\partial y$
, $h=\eta+H_{0}$ ) . $B$ 1280 ,
, 2 $y_{0}=32\pi$ $96\pi$ .
$\overline{u}$ , $\overline{\eta}$ .
, $y=64\pi$ , $y=0$ $128\pi$ . $\mathrm{d}\overline{q}(y)/\mathrm{d}y$
,
(Ripa, 1983).
, (1)$-(3)$ $(\zeta, \delta, \Phi)$ , , $(\delta=\partial u/\partial x+\partial v/\partial y)$ ,
$(\Phi=gh)$ .
$\frac{\partial\zeta}{\partial t}=-\frac{\partial(u\zeta)}{\partial x}-\frac{\partial(v\zeta)}{\partial y}-f\delta-\underline{\alpha(\zeta-\overline{\zeta})}-\underline{\beta(\zeta-\overline{\zeta})}$ , (7)
$f<xrcing$ absorber
$\frac{\partial\delta}{\partial t}=\frac{\partial(v\zeta)}{\partial x}-\frac{\partial(u\zeta)}{\partial y}+f\zeta-\nabla^{2}(E+\Phi)-\underline{\alpha(\delta-0)}-\underline{\beta(\delta-\mathrm{O})}_{7}$ (8)
forcing $absorbe\tau$
$. \overline{\partial t}.=.\frac{4^{U}\mathrm{b}J}{\partial x}-\cdot\frac{1^{\omega}\mathrm{s}/}{\partial y}‘+f\zeta-\nabla^{2}(E+\Phi)-\alpha(\delta-0)-\beta(\delta-\mathrm{O})_{7}$
$\overline{f^{orcing}}$ $\overline{absorbe\tau}$










$\eta$ ( $\mathrm{x}$ I 0) $\mathrm{d}\mathrm{q}/\mathrm{d}\mathrm{y}(\mathrm{x}101)$
1: $Ro=1\mathrm{O}\mathrm{O},$ $Fr=0.3$ ( ) ( ):
( ) $\overline{u}(y)$ , ( ) $\overline{\eta}(y)$ , ( ) $y$ $\mathrm{d}\overline{q}(y)/\mathrm{d}y$ .
, $E=(u^{2}+v^{2})/2$ , $(u, v)$ $\psi$ $\phi$ $\zeta=\nabla^{2}\psi$ $\delta=\nabla^{2}\phi$
, $(u, v)=(-\partial\psi/\partial y+\partial\phi/\partial x, \partial\psi/\partial x+\partial\phi/\partial y)$ . $\overline{\zeta}$ $\overline{\Phi}$ (4) (5)
. (7)$-(9)$ (Ishioka, 2002) . ,
,
$W(x, y, t)= \sum$ $\sum s_{kl}(t)e^{\mathrm{i}kx}e^{\mathrm{i}ly/64}$, (10)
$k=-Kl=-L$
, $W(x, y, t)$ $\zeta,$ $\delta,$ $\Phi$ , $K$ $L$ $x$ $y$ .
$\zeta,$ $\delta,$
$\Phi$ ,
$\frac{\partial W}{\partial t}=Z(x, y, t)$ , (11)
, $Z$ (7)$-(9)$ . , $skl$
.
$\frac{\mathrm{d}s_{kl}}{\mathrm{d}t}=\frac{1}{(64\pi)^{2}}\int_{0}^{128\pi}\int_{0}^{2\pi}Z(x,y, t)e^{-\mathrm{i}kx}e^{-\mathrm{i}ly/64}\mathrm{d}x\mathrm{d}y$ . (12)
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, $y$ , $K=21,$ $L=5376(64\mathrm{x}$
16384 ) . 4 , 00002
$(28.5\pi\leq y\leq 35.5\pi, 92.5\pi\leq y\leq 99.5\pi)$ .




, (Lighthill, 1952) ,
. $f$ (.1)-(3) .
$\frac{\partial(hu)}{\partial t}+\frac{\partial(huu)}{\partial x}+\frac{\partial(huv)}{\partial y}-fhv+\frac{1}{2}g\frac{\partial h^{2}}{\partial x}+\alpha h(u-\overline{u})=0$, (13)
$\frac{\partial(hv)}{\partial t}+\frac{\partial(hvu)}{\partial x}+\frac{\partial(hvv)}{\partial y}+fhu+\frac{1}{2}g\frac{\partial h^{2}}{\partial y}+\alpha hv=0$, (14)
$\frac{\partial h}{\partial t}+\frac{\partial(hu)}{\partial x}+\frac{\partial(hv)}{\partial y}=0$ . (15)
, , . (13)-(15) ,
.
$( \frac{\partial^{2}}{\partial t^{2}}+f^{2}-c_{0^{2}}\nabla^{2})\frac{\partial\hslash}{\partial t}=\sum_{i=1j}^{2}\sum_{=1}^{2}\frac{\partial^{2}}{\partial x_{i}\partial x_{j}}T_{\mathrm{i}j}-F$ , (16)
, $x_{1}=x,$ $x_{2}=y$ $c_{0}=\sqrt{gH_{0}}$ .
, . $T_{ij}$ $F$ ,
$T_{ij}= \frac{\partial(hu_{i}u_{j})}{\partial t}+\frac{f}{2}(\epsilon_{\mathrm{i}k}hu_{j}u_{k}+\epsilon_{jk}hu_{i}u_{k})+\frac{g}{2}\frac{\partial}{\partial t}(h-H_{0})^{2}\delta_{ij}$ , (17)
$F= \alpha\frac{\partial}{\partial t}(\frac{\partial h(u-\overline{u})}{\partial x}+\frac{\partial(hv)}{\partial y})+\alpha f\mathrm{t}\frac{\partial(hv)}{\partial x}-\frac{\partial h(u-\overline{u})}{\partial y})$ , (18)
, $\epsilon_{12}=\epsilon_{21}=-1,$ $\epsilon_{11}=\epsilon_{22}=0$ $u_{1}=u,$ $u_{2}=v$ .
, (16) , $x$ $\partial\overline{h}/\partial t$ .
$\frac{\partial\overline{h}(y,t)}{\partial t}=\frac{1}{2c_{0}}\int_{t_{0}}^{t}\mathrm{d}t’\int_{y-}^{y+}\mathrm{d}y’J_{0}(f\sqrt{(t-t’)^{2}-(\frac{y-y’}{c_{0}})^{2}})\ovalbox{\tt\small REJECT}\frac{\partial^{2}\overline{T_{22}}(y’,t’)}{\partial y^{2}}-\overline{F}(y’, t’)],$ (19)
, $y\pm=y\pm c_{0}(t- t’)$ . $\partial^{2}\overline{T22}(y’, t’)/\partial y^{2}$ $\overline{F}(y’, t’)$ (17) (18) $x$
. (19) $y$ , .
$\frac{\partial\overline{h}(y,t)}{\partial t}=\frac{1}{2c_{0}}\int_{t_{0}}^{t}\mathrm{d}t’||\frac{\partial\overline{T_{22}}(y_{+},t’)}{\partial y}+\overline{F’}(y_{+}, t’)-\frac{\partial\overline{T_{22}}(y_{-},t’)}{\partial y}-\overline{F’}(.y_{-}, t’)\ovalbox{\tt\small REJECT}+D$ , (20)
, $\overline{F’}(y, t’)$ (18) $x$ $y$ , $D$
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$\mathrm{t}\dot{|}$ me
2: $x$ $(k=1-8)$ . $0\leq t\leq 7.0$ .
. 4 , (19)
, (20) . ,
, 4 (20) $\frac{arrow}{\frac{arrow}{\mathrm{D}}}.+$ , $D$ .
4.
, . $\Phi=gh$ $h$ $\Phi$ $g$
. , $g=1$ . 2 $x$
$(k=1-8)$ . $(t\leq 1.\mathrm{O})$ ,
, $(t\geq 1.\mathrm{O})$ , ,
.
$x=\pi$ $h/$ $t-y$ 3 $(6.0\leq t\leq 7.0,16\pi\leq y\leq 48\pi)$ .
(16) , $/\partial t$ , $\partial h/\partial t$
. , ($y=32\pi$ )
$\sqrt{gH_{0}}=10\pi/^{J}Fr=100\pi/3$ .
.
4 \mbox{\boldmath $\zeta$}( ), $\partial h/\partial t$ (16) ( ), \mapsto ( )
. $t=6.05$ , $(x, y)=(0.3\pi, 32.2\pi)$
, .
$(t=6.15,6.25)$ , , ,
$(x, y)=(1.3\pi, 31.8\pi)$ $(t=6.25)$ ,
($t=6.35$ $(x,$ $y)=(1.7\pi,$ $31.8\pi)$ ). \partial h/ ,
















2 , $x$ .
. , ,
$\omega=\pm\sqrt{f^{2}+gH_{0}(k^{2}+l^{2})}$ , (21)
, $\omega$ , $k,$ $l$ $x$ $y$ . (21) , .
$l^{2}= \frac{\omega^{2}-f^{2}}{gH_{0}}-k^{2}$ . (22)
2 3 $\omega=2\pi\nu\sim 27$ ( $\nu$ ) , (6)
1 $gH_{0}=(u\mathrm{o}/Fr)^{2}=(100\pi/3)^{2}$ , (22) 1 .
, $x$ $k=2$. (22)
$l^{2}$ . , $k=2$
. $(Ro=1\mathrm{O}\mathrm{O}, Fr=0.3)$ ,
, .
4 , ,
. 5 $\partial\overline{h}/\partial t$
, (20) .
.




4:\mbox{\boldmath $\zeta$}( ), $/\partial t$ ( ) (16) ( )( ), \Phi ( ) $((\mathrm{a})t=$
$6.05,$ $(\mathrm{b})t=6.15,$ $(\mathrm{c})t=6.25,$ $(\mathrm{d})t=6.35)$ x.- $y$ ( $x$ - $y$ $\pi$ ) .













5: $\overline{h}/\partial t$ ( ) (20) ( ).







. , $\alpha$ , $f,$ $\partial h/\partial t$
. , $|u|>>|v|$ , (16)
.
$\sum_{i=1j}^{2}\sum_{=1}^{2}\frac{\partial^{2}}{\partial x_{i}\partial x_{j}}T_{ij}-F\approx 2hu\frac{\partial}{\partial x}\mathrm{t}\frac{\partial v}{\partial x}\frac{\partial u}{\partial y})$ . (23)













$(\mathrm{X}7\mathrm{T})$ $\mathrm{x}$ $(\mathrm{x}\pi 1$
6: $t=6.05$ ( ) (23) ( ) .
5.2.1
,
. , (21) , $f^{2}$ , (20)
. 5.1 , $\alpha$ , $f$ $/\partial t$
. (1) (3) $T_{22}$ 1 ,
$T_{22} \approx\frac{\partial(hv^{2})}{\partial t}$
$= \frac{\partial h}{\partial t}v^{2}+2hv\frac{\partial v}{\partial t}$
$\approx 2hv(-u\frac{\partial v}{\partial x}-v\frac{\partial v}{\partial y}-fu-g\frac{\partial h}{\partial y}-\alpha v)$ . (24)
$\partial h/\partial t$ . $(u, v, h)$ $(\overline{u}(y), 0,\overline{h}(y))$
$(u_{)}’v’, h’)$ t , (24) 2 ,
$T_{22} \approx 2\overline{h}v’(-\overline{u}\frac{\partial v’}{\partial x}-fu’-g\frac{\partial h’}{\partial y}-\alpha v’)$ . (25)
, , 1 . , 1
, $()$ 3 . $U’,$ $L’,$ $H’$ , ,
,
$\overline{T_{22}}\approx 2\overline{h}v’(-fU’u\dagger-\frac{gH’}{L},\frac{\partial h\dagger}{\partial y\dagger}-.\alpha U’v\dagger)$ , (26)
$O(1)$ . , .













7: $\partial\overline{h}/\partial t$ ( 5 ) (28) ( ).
, Su moto et al. (2004a) 2 $Ro$
$(gH’/fL’U’\sim Ro)$ . , $Ro$ , (27) 1
2 . , $Ro=1\mathrm{O}\mathrm{O},$ $\alpha=8,$ $f=1$ ,
3 , .
$\overline{\partial h}$
$\overline{T_{22}}\approx-2hv_{\overline{\partial y}}$ . (28)
.




(Powell, 1964; Howe, 1975). Crow (1970) ( $M=U/c_{a}$ : $U$
c ) ,
. , FH $M$ . $Fr=0.3$
, . $\alpha$ , $f$ ,
$\partial h/\partial t$ (16) .
$( \frac{\partial^{2}}{\partial t^{2}}-c_{0^{2}}\nabla^{2})\frac{\partial h}{\partial t}=h\frac{\partial}{\partial t}(\sum_{i=1j}^{2}\sum_{=1}^{2}\frac{\partial^{2}}{\partial x_{i}\partial x_{j}}u_{i}u_{j})$ . (29)
, .













8: $\partial\overline{h}/\partial t$ ( 5 ) (31) ( ).
, $\omega=(0_{1}0, \zeta)$ , $u=(u, v, 0)$ . Howe (1975)
, (30) 2 1 $O(M^{2})$ .
, $M$ , Powell (1964)
. ,
.
$h \frac{\partial}{\partial t}\nabla\cdot(\omega \mathrm{x}u)$ . (31)
$\omega$ ,
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